
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



i 



f— 







t 



Bachelor's theses 

University of Wisconsin — IVIadison. 
College of Engineering 



i 



to 



PC 



DJaitizedbyVjOOgie 



] 



i 




\ 



library 

Of the 

TUniverslti? of Mteconein 




oogle 



f 



%. 



l! 

; i 



Digitized by 



Google 



Digitized by 



Google 



THR WASHING OV MANGAJIBSIS DTOXI.Dl? AITJ) CARSON 
MTXTiIRES OF OLD DRY BATTERIES 



BY 
HORTON RIIDOLT? PARKER 
AND 
ROMAN ANTON SCHMID 



A THESIS SUBMITTED FOR 
TKE DECrREB OP BACHET.OR OF SOTENCR 
nRBMTCAI FSNGTNEERTNG OOURSR 



University of WiBConoin 
1915 



Digitized by 



Google 



Digitized by 



Google 



Contentfj . 

Tntroductlon---^^^ -••-•-•• -.-• — . 1 

Description of Process 3 

Method of Ohtaining Curves---- -•--•--•-? 

Method of Analysis — .-•-.-..••..--••-a 

Discussion of Curres and Results--------- 10 

Data ^ 16-27 

Conclusions------------ ••••-• -28 



Digitized by 



Google 



Digitized by 



Google 



1 

Introduction. 
At the present time there are about fifty million dry 
hatterieB made per year which are used for rarious purpose s> 
such as ignition for internal conhustion engines, telephones^ 
small lights, door >.ells, etc. 

The dry Tiattery consists of a zinc container lined with 
paper which is saturated with zinc chloride and ammonium 
chloride. In the center of the container a carhon rod is 
placed around which is tamped a mixture of manganese dioxide, 
carhon and graphite. The top of this mixture is then^prinkled 
with sand or saw-dust and then sealed with a layer of pitch. 
The composition of a dry "battery is approximately: 

Pyrolusite--8r)^ MhO- •- 100 parts. 

Ground Ooke------------- ••--••-.••--••••••SO •* 

Artificial Graphite 20 " 

Ammonium chloride«--*------------*----------20 " 

Zinc chloride — ---30 degree Be.----- 7 •• 

The cost of materials for a # 6 hattery,six inches 
high, is approximately 6.33 cents, while the factory lahor is 
1.5 cents making a total of 7,83 cents. 

As will he seen from the ana3.ysis manganese dioxide, or 
pyrolusite, is one of th5 most important ingredients of a 
dry hatt ery. Its purity for "battery purposes should he at 
least 85 per cent available MhO^.The most celebrated sources 
for this material are Ilmenau in Thuringia, Flatten in Bohemia, 
Maehrisch-Truhau in Moravia. Other sources lens notahle are 
in the Caucasus, France, ^pain, and North America. It occurs 
in the United States, abundantly in Vermont, and in Red 
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2 
iBland Bay at f5an Francisco • Hew Brunswick and ITova Scotia 
in Canada are also important sources. 

In view of the large number of dry "batteries made each 
year and the slight depreciation of the manganese dioxide 
and carhon there is thus a "basis for an interesting speculation 
of what "becomes of the old cells, Since fifty per cent of the 
dry hattery is made up of manganese dioxide it is at once 
evident that there is an enormous waste of this material, 

I>ue to the present conditions ahroad the price of this 
material has risen enormously and irai^ortation has practically 
ceased. 

The question therefore at once presents itself as to 
the feasihility of recovering the manganese dioxide from 
the oldworn out cells. which can he o"btained at ahout twenty 
dollars a ton in various stages of corrosion .vnien ohtained, 
the old "batteries must "be disintegrated so that the ingredients 
can "be separated. The preparation of the pitch, car"bon rods 
etc. for future use does not require a great deal of work. 
Tn order that the mixture of pyrolusite, graphite and car"bon 
may he again iised, it is necessary to wash out the zinc and 
ammonium salts contained therein. 

The prohlem then is the choice of a suitable filter 
press in which the zinc and ammoniiun salts can he easily 
removed. There is no information pu"blished concerning 
experimental data relating to material similar to that of dry 
"batteries. At present a firm in Madison is "beginning the 
recovery of old "batteries, "^mt so far no information concerning 
the results is availa"ble. 
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* Various filter presses were tried in order to ohtain 
one best adapted to the conditions. The Sperry press will 
not work due to the clogging up of the inlet holes, B,^n 
the plates. Another source of trouble is with the mdntejus. 
The material chokes in the bends of the pipes as at, A, and 
also settles out in the bottom of the press in layers. 



/I/V -* r 



SH" To Press 




The next type of filter press tried was a pressure tpye 
of FJweetland press. The manganese dioxide settled to the 
bottom while the graphite rose to the top. A film of graphite 
formed upon the filter leaf ,0. This film is of very fine 
material and is practically impervious to the passage of 
water. 



A 



A centrifuge was next tried but was soon found to be 
of little value because there was a great loss of material. 
The fine carbon, graphite and also some manganese dioxide 
would pass through the screen due to the great centrifugal 
force. A large amount of water was also used for washing 
due to the fact that the water passed through the mass so 
quickly that it had very little time to dissolve out any 
zinc chloride. 

It was next decided to use a pressure filter press. 
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The presB consiBted of two iron cylinderB A and R Fig.ly 
ViCtween which was inserted an iron plate ^ CI, which was per- 
forated with one eighth inch holes. Two pipes enter through 
the cover, one for water ^ and one for air, A pressure gage 
was inserted in the air line so as to know at all times 
just what pressure was heing used. 

Tn the early investigations with this kind of press 
a canvas hag was inserted in the upper cylinder as a filter- 
ing medium. The material was placed directly in the hag. 
It was washed free from zinc chloride hy filling the press 
with water and then applying air pressure. This method proved 
unsatisfactory due to the difficulty of keeping the hag 
tight against the walls of the iron cylinder. 

The canvas hag was ahandoned and instead of it a wire 
screen(S) Fig. 2 was placed inside of the cylinder on top 
of the perforated plate. Over this screen a canvas cloth 
was tightly streched and the two cylinders A and 75 were 
then clamped together with the plate, wire and cloth hetween 
them. The reason for inserting a course wire screen hetween 
the steel plate and the canvas cloth was to allow a space 
hetween the two, therehy aiding filtration. 







O-'^ilter Cake. S-Wire Screen. 

P-f?teel Plate. A-Pilter Cloth. 

Several difficulties hecame apparent after a fev/ tests 
had heen made. There was no way of telling just how much 
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Fig. 2. 




Fig 3 
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ZnCl5(l-2 NaOH- Na^7,nCV+HaCl. 

NHt Clf WaOH = NaCl+NHi^OH . 
The digesting was continued until the evolution of 
aniraonia vapor« had ceased. The contents of the digester were 
then removed, leached for a day and filtered in the usual 
manner. 
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water was in the press at an/ time. Tf the presf3 ran dry 

the air pref5sure would play directly upon the cake and coinpress 

it to a compact mass. As lonj; as there is water in the press 

the cake was porous and allowed the water to pass through. 

This compact mass holds the water and causes a rery slow 

filtration. 

Another fault was the formation of holes in the center 
of the filter cake due to the stream of wash water entering 
through the top of the press and playing directly upon the 
cake. The wa^^h water then passed through these holes instead 
of passing in a uniform sheet through the whole cake. 

To avoid these difficulties, water pressure alone was 
used instead of air pressure. A wire screen(S) Fig. 3 was 
placed directly under the water inlet pipe to hreak the 
stream and diBtriV.ute the pressure evenly , thus eliminating 
the formation of holes. By making these changes no further 
trouhle was experienced, as formerly, and good washing 
results are ohtained. 

After running several tests it was found that it was 
impossihle to remove the last traces of zinc chloride no 
matter how long washing was continued? This is due to the 
formation of zinc oxychloride according to the following 
equation : 

ZnOl^^ H,.0«HCl•^ZnOHCl• 

In order to prevent the formation of this salt^ the 

mixture of manganese dioxide and carhon is first treated 

with caustic soda in a digester . This results in the 

fonnation of sodium zincate and ammonia according to the 

following equations : 
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General Method of OVitainins Curves. 

The zinc chloride was o^btained hy takins Bample« from 
every liter of wash water and from this sample analyzing 
an aliquot part as given under ••Vol. of Sample •• in the data. 
These values of zinc chloride per liter were plotted directly 
against the corresponding liter. 

The time curve was plotted cumulative and needs no 
explanation^ 

The curve showing the per cent of washing of zinc 
chloride was obtained "hy calling the total amount of zinc 
chloride removed up to the point where the curve "becomes 
horizontal, 100 per cent. Any intermediate point is then 
found hy dividing the grams of zinc chloride per liter for 
that particular point v^y the total weight of chloride removed 
at the 100 per cent reading. Vor example: there are 1.06 
grams of zinc chloride per liter at the 8th liter, dividing 
this "by the total weight of zinc chloride, 73. 07, we get 
1.479 per cent for the answer. 

The caustic soda curve is o"btained in a similar manner 
to the zinc chloride curve and needs no explanation. 



Digitized by 



Google 



Digitized by 



Google 



8 
Method of Analysis. 

An analysis for chlorides was made in all tests that 
were run. 

The samples were taken as indicated on the data sheets 
and further described under the method of procedure. 

The analysis for chlorine was a simple titration with 
jr/lO AgKOj using potassi\im chromate as an indicator. The 
end point was determined hy the yellow color of the solution. 

The chlorine was figured on the hasis of ZnOlj^ in 
accordance with the following equation: 

2 Agyr05+ ZnOV2 AgCl+Zn(K03)j^ . 
(Talculations are as follows: 

1T/10 AgJTO^^l? grams AgNOj /liter. 

1 c.c. of N/lO Agyr03«Jl36.3xl7)-&-170K:|xlOOO«0. 00681 
grams of ZnCl . 
Prom Test # 1, sample # 1, 

34X0. 00681X10 » 46.4 grams of ZnClf/liter . 

In Tests # 11 and 12, two analysis were made, one for 
alkali and one for chlorine. The analysis for alkali was a 
direct titration with 0.75 !T H^SO^ using methyl orange as 
an indicator. 

1 c*c. of 0.75 N H^J^Oi^* 0.030 graras of TIaOH. 

7rom run ^11, sample # 1, the alkali in a liter sample 
is, 2. IX 0.03X 100^0.063 grams. 

In testing for chlorine the sample was first neutralized 
with sulphuric acid and then analyzed as ststed ahove and 
figured on the hasis of sodium chloride as follows: 
Ag?TO^+ NaCl * Na!T03+ AgOl . 
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1 c.c. of AgNO^^ 0.005853 gramB of NaCl ac made up. 
Taking ralueo from test # 11, sample # 1 the calculations 
are as follows: 

0.00583^100X34. 6*20.23 grams of NaCl per liter. 
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10 
Discussion of Curves and Results, 
Test # 1. 

The data for this is giren in Ta"ble# 1 send the curres 
plotted from this data are those on Plate # 1. 

The most interesting fact >>rought out T>y this set of 
is that at the ninth liter of wash water the zinc chloride 
curve hecomes parallel with the horizontal axis. The per- 
centage curve emphasizes this phenomenon still further and 
shows that 98 per cent of the total zinc chloride removed 
in this test was washed out "by the time the ninth liter of 
water had passed. 

Washing might he discontinued after the fourteenth 
liter as the amount of zinc chloride per liter was only 0.18 
of a gram. 

Test #2. 

In this test the precipitate was ahout 1 inch thick. 

The irregularities in the curves obtained for this 
test may "be attributed to the fact that the wash water en- 
tering the press formed a hole ahout one inch in diameter in 
the center of the cake. Most of the wash water passed through 
this hole giving an uneven distribution of washing. 

Further, the cell used in this test was a very old 
one. The manganese dioxide and carhon were in the form of 
lumps which retained the chloride tenaciously. As the lumps 
dissolved from time to time the entrained chloride was 
liberated thus giving irregular results. 

Test # 3. 

The aim of this test was to ohtain information on the 
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efficiency of washing when the manganese dioxide and car^bon 
introduced into the press are well mixed and free from lumps 
and also to ohtain some information regarding the time of 
washing • 

The thickness of cake was one half inch. 

The curves for this run, shown in Plate # 3, are fairly 
regular with the exception of the zinc chloride curve hetween 
the third and sixth liter. 

As explained under the heading of ♦'Method'*, after the 
manganese dioxide and carhon was placed in the press, water 
was introduced until the press was full. The water was then 
shut off and air pressure used until all the water had 
filtered through the cake. The press was again filled with 
water and the process continued. It is evident that an 
appreciable amount of time is necessary to cut off the air 
when the press is allowed to run dry, and to turn on the 
water, properlj^ regulated. Thus more time is given for the 
water to leach out the zinc chloride. This is horn out hy 
the fact that the zinc chloride in the sixth liter is higher 
than that in the fifth or seventh. 

The time of flow for each liter of wash water after 
the press had run dry also increased considerahly . This was 
due to the fact that the cake was compressed hy the air 
pressure. 

Test # 4. 

In this test an endeavor was made to keep some water 
in the press at all t.^jnes. The thickness of cake was approx- 
imately seven eights of an inch. The water cock was open 
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12 
just a little to allow the water to trickle through contin- 
uously. There was no way of telling, however^ how much water 
was in the press and it ran dry again. 

Due to this difficulty the results obtained were much 
like those of the preceeding test. 

Test #5. 

The thickness of cake was approximately one and one 
quarter inches. The test was run in order to have a series 
of curres which would show the effect of uniform variation 
in the thickness of the cake. Again there is a higher value 
of zinc chloride at the seventh liter than at the sixth and 
eighth. 

At the twenty-second liter water pressure of 85 pounds 
was used so there is a sharp turning point from the 45 pound 
pressure to the final pressure. 

In spite of the fact that the curves have a numher of 
irregularities in them, they all show that there is a tend- 
ency for the zinc chloride curve to "loecome parallel with the 
horizontal axis. 

Test # 6. 

This test waf3 run in order to ascertain as to whether 
leaching the mixture previously to introducing it in the 
filter press would increase the efficiency of washing. 

The manganese dioxide and carhon mixture of fifteen 
"batteries of various sizes, some of which were in good 
condition and others hadly corroded, were dumped into a tank 
holding ahout fifteen gallons of water and were leached for 
one day. 
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The \vater was then drawn off and part of the mixture 
w-is transferred to the filter press Rivirify a cake ahout 
two inches thick. Water pressure alone was used thus elim- 
inating any danger of the press running dry. 

The curres obtained were more regular than any of the 
preceeding ones and the content of zinc chloride per liter^ 
as the washing continued > was much lower than any of the 
previous tests. 

The zinc chloride curve becomes almost horizontal at 
the eleventh liter of wash water and washing can he stojjped 
at this point • 

Test # 7. 

The ohject of this test was to ohtain a check on test 
# 6 and to ohtain some data on the time of washing. 

The zinc chloride curve and the percentage curve are 
very much like those of Test /^ 6. As "before, washing may 
he stopped with the eleventh liter. 

One thing that is of great importance is the time of 
washing when using water pressure. Xn Test # 3 and # 4 the 
time per liter varied from fifteen seconds to one minute 
while in this test it averages ahout thirty seconds. This 
is therefore a great improvement over the preceeding tests. 

Test # 8. 

Xn this test the thickness of the cake was three and 
one half inches • 

The curves obtained are again much like those of Tests 
6 and 7. Tt will he noted that the chloride curve when parallel 
to the horizontal axis shows a greater content of zinc chloride 
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per liter than the other two. 

Test # 9. 

The data was ohtained in the usual manner. 

There is a slight irregularity in the chloride curve 
due to the fact that the press leaked and the run had to 
he stopped occasionally to patch up the leaks. Water pressure 
could not he applied until after the sixth liter due to this 
trouhle. 

The zinc chloride curve again seems to hring out the 
fact that the thickness of cake affects the washing results. 
There is a greater resistance to the flow of the water and 
hence the chloride does not corae out as fast as where the 
cake is thinner. 

In this test the eleventh liter contains 1.49 grams 
of zinc chloride as compared to 0,213 and 0.746 grams in the 
curves of Tests 7 and 8. 

Test # 10. 

This test was run to ohtain results when the time of 
leaching was increased from one to two days and with a cake 
six and one quarter inches thick. 

The results obtained in this test are the hest through- 
out this investigation. 

The curves are ^ery regular and smooth and the zinc 
chloride in the eleventh liter is only 0.887 grams. 

Test # 11. 

This represents a run in which the material was digested 
with sodium hydroxide > leached for two days and then run in 
the regular manner. 
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The chloride and caustic Boda ourve« are regular and 
need no explanation. Waahinp; can he stopped at the tenth 
liter just as in the prerious tests. 

The irnportant thing ahout this test is the length of 
run, the average per liter heing ahout five and a half minutes. 

This is prohahly due to the action of the alkali upon 
the cake. There was a thin layer, ahout l/8 inch, of fine 
material on the top of the cake, and under this the regular 
coarse material. 

This slimy, fine layer was evidently formed hy the 
action of the caustic soda upon the manganese dioxide. 

Test # 12. 

Xn this test the mixture was leached hefore running 
in the digester and then again after it was digested. The 
mixture was then placed in the press and run in the regular 
manner . 

The results are ahout the sane. The time of flow per 
liter has shortened to an average of four minutes and the 
chloride content per liter is much lower at any given liter 
than in Test # 11. 

The slimy layer was noticed in this case also. 
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Test # 1. 
Two # 6 Viatteriec were used. 
Thickness of cake was not taken. 
Air pressure of 45 pounds was used. 
No time was teiken. 
Liter samples up to # 4. From # 5 on samples represent 5 liters. 



Sample 


Vol. of 
( Sample 

50 in 500 


C.c.of 
N/10 AgN(^ 


Cms. of 
.ZnClii /liter . 


fo of 
".nCl* . 


1 


34 


46.4 


88.3 


2 


50 


in 1000 


1.2 


3.27 


6.22 


3 


50 


in 500 


5.0 


1.02 


1.94 


4 




n 


3.1 


0.634 


1.21 


5 




n 


1.1 


. 0.C25 


0.428 


6 




N 


0.9 


0.184 


0.350 


7 


50 


in 250 


0.5 


0.341 


0.65 


8 




n 


0.5 


0.341 


0.65 


9 




N 


0.5 


0.341 


0.65 


10 


50 


in 100 


1.7 


0.462 


0.88 


11 




n 


1.3 


0.354 


(a) 


12 




It 


1.00 


0.272 




13 




n 


1.0 


0.272 




14 




N 


0.9 


0.245 





(a) Total to here was called one hundred per cent. 
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Test # 2. 

One # 8 "battery was used. 

yhicknes?5 of cake vyas not taken. 

Air pressure of 45 pounds was used. 

No time was taken. 

Liter saniplej=? up to # 5. From #6 on samples represent 5 liters. 

Vol. of c.c.of Gms. of ;^ of 
Sample Hample. AgNO a . ZnCl^/liter. ^.nCli^. 



1 


50 in 500 


6.9 


9.45 


13.35 


2 


n 


17.4 


23.7 


33.40 


3 


n 


12.7 


17.35 


24.40 


4 


It 


5.2 


7.1 


10.00 


5 


n 


2.9 


3.95 


5.55 


6 


n 


2.2 


3.00 


4.22 


7 


n 


1.5 


2.04 


2.87 


8 


n 


1.00 


1.36 


1.92 


9 


n 


0.9 


1.22 


1.72 


10 


It 


0.6 


0.82 


1.15 


11 


N 


0.4 


0.545 


0.768 


12 


n 


0.4 


0.545 


0.768 
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Test # 3. 

One # 6 "battery was used. 

Thickness of cake was not taken. 

Air pressure of 45 pounds was used. 

Liter samples up to ^ 6.7rom ^'^ on samples represent 5 liters. 

Vol. of c.c. of Gms. of /^ of 
5ang)le F>ample. Time y/lO AgNOs ."^n Clt /lit er . ZnCl». . 

9.15 50.75 

1.91 10.60 

1.50 8.33 

0.955 5.30 

0.955 5.30 

1.09 6.05 

0.955 5.30 

0.82 4.55 

0.^8 3.78 

0.68 (a) 

0.68 

0.68 

(a) Total to here wap called one hundred per cent. 



1 


50 in 500 


10 


sec. 


6.7 


2 


n 




7 


n 


1.4 


3 


« 




5 


n 


1.1 


4 


N 




8 


n 


0.7 


5 


w 




20 


n 


0.7 


6 


w 




37 


« 


0.8 


7 


" 1 


rain 


.40 


sec. 


0.7 


8 


« 1 


N 


30 


n 


0.6 


9 


•• 1 


If 


50 


11 


0.5 


10 


» 3 


It 


20 


N 


0.5 


11 


n 4 


It 


30 


n 


0.5 


12 


" 5 


n 


5 


n 


0.5 
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19 
Test # 4. 

Two # 6 "batteries were treated in the usual manner. 

Thickness of dry cake, 1 inch. 

Air pressure of 45 pounds was used. 

Liter samples up to # 7. From # 8 on samples represent 5 liters* 

Vol. of c.c. of Gms. of % of 
Sample Sample Time n/10 AgTToa > ZnCVJiter ^inClit* 



1 


50 in 500 


8 sec. 


22 


2 


n 




6 


w 


5.4 


3 


n 




21 


n 


5.3 


4 


11 




12 


If 


2.4 


5 


N 




16 


If 


2.1 


6 


N 




17 


n 


1.8 


7 


If 




17 


If 


1. 


8 


" 2 


min . 10 


sec. 


1.1 


9 


" 2 


n 


40 


ff 


1.0 


10 


" 3 


If 


20 


If 


0.9 


11 


»• 5 


If 


15 


If 


0.9 


12 


If 4 


ff 


26 


ff 


0.8 


13 


» 5 


ff 


30 


If 


0.7 


14 


" 6 


If 





n 


0.7 


15 


« 9 


If 





N 


0.6 



30 


49.3 


7.35 


12.05 


7.24 


11.9 


3.27 


5.37 


2.87 


4.71 


2.45 


4.03 


1.36 


2.24 


1.50 


2.46 


1.36 


2.24 


1.23 


2.02 


1.23 


2.02 


1.09 


3.2 


0.95 


(a) 


0.95 




0.95 





(a) Total to here was called one hundred per cent. 
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Test # 5. 

Three # 6 batteries were treated in the usual manner. 

Air pressure of 45 pounds was used up to # 8 when 85 pounds 

water pressure wa^ turned on. 

Liter samples up to # 7. Prom # 8 on sfimples are 5 liters. 

Thickness of cake was not taken. 

Vol. of c.c. of Gms. of / of 
Sample Sample Time AgNOg. ZnClft /liter. ZnCla> 



1 


50 in 500 12 


sec. 


19 


25.8 


47.5 


2 


N 


8 


•t 




5.5 


7.50 


13.8 


3 


M 


8 


N 




2.8 


3.81 


7.01 


4 


n 


8 


N 




2.4 


3.27 


6.02 


5 


N 


12 


N 




2.0 


2.78 


5.11 


6 


n 


13 


n 




1.9 


2.58 


4.75 


7 


n 


23 


N 




2.0 


2.73 


5.03 


8 


•• 2 


rain.: 


35 1 


sec 


t.1.5 


2.03 


3.74 


9 


" 3 


N 





N 


1.0 


1.36 

• 


2.50 


10 


" 2 


N 





N 


0.6 


0.82 


1.51 


11 


" 2 


n 


4 


N 


0.6 


0.82 


1.51 


12 


» 2 


n 


5 


n 


0.5 


0.82 


1.51 


13 


"2 


n 





If 


0.5 


0.68 


(a) 


14 


" 2 


N 


2 


11 


0.5 


0.68 




15 


" 2 


n 


4 


11 


0.5 


0.68 




16 


" 2 


11 


5 


11 


0.5 


0.68 





(a) Total to here was called one hundred per cent. 
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Test # 6. 
Thickness of cake, dry, 1 7/8 inches. 
Water pressure, 85 pounds. 
No time was t?iken. 
Sajnples were taken every liter. 



Sample 


Vol. 
Samp] 


Of 

.e . 


c.c. of 
N/lO AgNOj . 


Gmo. of 
^nCl^ /liter. 


% of 
ZnCl^ 


1 


50 in 


500 


15.4 


16.43 


62.2 


2 


N 




2.9 


11.70 


11.70 


3 


tt 




2.0 


2.13 


8.05 


4 


N 




0.9 


0.96 ■ 


3.63 


5 


N 




0.6 


0.64 


2.42 


6 


n 




0.5 


0.534 


2.02 


7 


N 




0.5 


0.534 


2.02 


3 


It 




0.6 


0.64 


2.42 


9 


n 




0.6 


0.64 


2.4n 


10 


H 




0.5 


0.534 


2.02 


11 


n 




0.3 


0.32 


1.21 


12 


It 




0.3 


0.32 


(a) 


13 


It 




0.3 


0.32 




14 


It 




0.3 


0.32 




15 


It 




0.3 


0.32 




16 


N 




0.3 


0.32 





(a) Total to here was called one hundred per cent. 
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£00 
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q: 


c 




4 


111 




J 


Q. 







«t 




z 


J 




-M60 


U 


6 


Ik 


Z 







N 




h 


u. 




z 







u 
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4 
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Test #7 

Thickness of cake, dry, 1 3/4 inches. 

Water pressure, 85 pounds. 

Total time of run^ seven minutes and fifty four seconds. 

Samples were taken every liter. 

Vol. of Time in c.c.of fibns. of fo of 
Sample Sample Seconds. y/lO AgHOsZnClft/liter. ZnCl^i. 



1 


50 i« 500 


28 


7.3 


7.79 


53.3 


2 


■ 


37 


2.6 


2.77 


18.91 


3 


■ 


40 


0.7 


0.746 


5.10 


4 


■ 


40 


0.6 


0.64 


4.375 


5 


■ 


37 


0.5 


0.534 


3.65 


6 


N 


32 


0.5 


0.534 


3.65 


7 


■ 


32 


0.4 


0.426 


2.91 


8 


■ 


32 


0.3 


0.320 


2.19 


9 


n 


32 


0.3 


0.320 


2.19 


10 


N 


32 


0.3 


0.320 


2.19 


11 


N 


32 


0.2 


0.213 


1.46 


12 


N 


32 


0.2 


0.213 


(a) 


13 


It 


33 


0.2 


0.213 




14 


N 


35 


0.2 


0.213 





(a) total to here was called one hundred per cent. 



Digitized by 



Google 



Digitized by 



Google 



jMversity or wisccrj'^N 




OF ZHCL^ 
CtT/riE (bvmvUf/VeJ '. 



Digitized by 



Google 



Digitized by 



Google 



23 



Test # 8. 

Thickness of cake, dry, 3 l/2 Inches. 

Water pressure, 85 pounds. 

Total time of run, 14 minutes and 23 seconds. 

Samples were taken every liter. 

Vol. of c.c. of Gms. of % of 
Sample Sample. Time > K/10 AfrNOg ^ZnClttAiter. ZnCli> . 



1 


50 in 


500 C 


a) 


33.6 


35.8 


49.6 


2 


N 






16.1 


17.19 


23.81 


3 


N 






5.3 


5.65 


7.85 


4 


N 






2.6 


2.67 


3.70 


5 


N 






2.0 


2.13 


2.96 


6 


N 






1.5 


1.60 


2.22 


7 


N 


46 


sec. 


1.2 


1.28 


1.77 


8 


N 


46 


n 


1.0 


1.06 


1.47 


9 


N 


46 


N 


0.9 


0.96 


1.33 


10 


n 


46 


H 


0.8 


0.854 


1.18 


11 


N 


46 


11 


0.7 


0.746 


1.03 


12 


W 


46 


N 


0.7 


0.746 


1.03 


13 


w 


46 


N 


0.7 


0.746 


1.03 


14 


N 


42 


R 


0.6 


0.640 


0.889 


15 


N 


40 


11 


0.6 


0.640 


(*•) 


16 


n 


40 


n 


0.6 


0.640 




17 


If 


37 


N 


0.6 


0.640 




18 


M 


30 


n 


0.6 


0.640 





(a*)Total to here was called one hundred per cent. 

(a) Due to trouble with the press no time was taken up to # 7. 
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24 
Test # 9. 
Thickness of calce, dry, was 4 inches. 
Water pressure of 85 poimds was used. 
Samples were taken erery liter. 
Batteries were leached "before using. 
Total time of run was 3 minutes and 56 seconds. 

Vol. of c.c. of Gms. of X of 
Sample Sample. Time AfciTOs . ZnCla /liter ZnCli^ . 

1 50 in 5C 

2 " 

3 " 

4 " 

5 " 

6 " 

7 " 

8 " 

9 » 

10 " 

11 » 

12 " 

13 » 

14 " 

15 " 

16 " 

17 « 
13 •• 

(a) Total to here was called one hundred per cent. 



12 


sec . 


15.5 


16.53 


33.6 


14 


N 


8.9 


9.50 


19.3 


13 


N 


5.70 


6.08 


12.3 


14 


tt 


3.5 


3.73 


7.6 


14 


N 


2.4 


2.56 


5.2 


14 


N 


2.4 


2.56 


5.2 


14 


N 


1.8 


1.92 


3.9 


15 


W 


1.6 


1.70 


3.45 


17 


It 


1.5 


1.60 


3.24 


17 


If 


1.5 


1.60 


3.24 


18 


N 


1.4 


1.49 


3.03 


13 


N 


1.4 


1.49 


(a ) 


18 


N 


1.4 


1.49 




19 


W 


1.4 


1.49 




19 


N 


1.4 


1.49 




19 


N 


1.4 


1.49 




20 


It 


1.4 


1.49 




20 


n 


1.4 


1.49 
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Teat # 10, 

Thickness of cake, dry, was 6 l/4 Inches. 

Batteries were leached two days "before using. 

Total time of run was 14 minutes and 10 seconds. 

Water pressure of 85 pounds was used. 

Sanqples were taken erery liter. 

Vol. of Seconds c.c.of Gms.of % of 
Sample Sample, Time AgWDg . ZnCl^ Alter. Znp.l^ , 

35.1 33.6 

26.9 25.7 

15.6 14.9 

8.13 7.8 

4,3 4,1 

2.695 2.6 

1.98 1.9 

1.5 1.4 

1.229 1.17 

1.091 1.04 

0,887 0.85 

0.751 0.72 

0.6S25 0,658 

0,614 0.587 

0.546 0.522 

0.546 0,5222 

0.478 0.457 

0.409 0.391 

0.409 0.391 

0.409 0.391 



1 


lO/liter 


23 


51.4 


2 


n 


27 


39.4 


3 


n 


30 


22.9 


4 


N 


30 


11.9 


5 


N 


32 


6,3 


6 


II 


34 


3,95 


7 


It 


35 


2,9 


8 


It 


35 


2,2 


9 


N 


35 


1.8 


10 


It 


35 


1.6 


11 


It 


36 


1.3 


12 


It 


36 


1,1 


13 


II 


37 


1,0 


14 


It 


38 


0.9 


15 


n 


38 


0,8 


16 


II 


38 


0.8 


17 


n 


39 


0,7 


18 


II 


39 


0,6 


19 


It 


39 


0,6 


20 


11 


39 


0,6 


21 


It 


39 


0,5 



(R)Total to here was called one hundred per cent. 
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Teat # 11. 

The ingredients of two # 8 dry hatteries, volume ahout 
147 cubic inches, after heing digested with a solution of 
ten per cent caustic soda, were allowed to stand in five 
gallons of water for two days and then were put through the 
filter press in the regular manner. 

Thickness of cake, dry, I-1/4 inches. 

Water pressure of 85 pounds was used. 

Samples were taken every liter. 

Total time of the rim was 1 hour and 1 minute. 

Samples for analysis are 10 c.c. per liter. 

c.c. of Grams of c.c. of Gms . of Perc't 
Sample Time .75N HstSO^ITaOH/liter y/lO A^WQslTaCl/liter NaCl 



1 5 


min 


.10 


sec. 


2.1 


.063 


34.6 


20.23 


42.9 


2 5 


N 


5 


It 


1.45 


.0435 


40.0 


23.41 


49.6 


3 5 


It 





It 


0.4 


.012 


2.8 


1.64 


3.48 


4 5 


N 


?.5 


It 


0.15 


.0045 


0.9 


0.5260 


1.12 


5 5 


W 


45 


II 


0.15 


.0045 


0.6 


0.3513 


0.74 


6 6 


n 





tt 


0.15 


.0045 


0.4 


0.2340 


0.50 


7 5 


It 


45 


It 


0,10 


.0030 


0.3 


0.1757 


0.37 


8 5 


It 


45 


It 


0.05 


.0015 


0.3 


0.1757 


0.37 


9 5 


N 


30 


It 


0.05 


.0015 


0.3 


0.1757 


0.37 


10 6 


tt 





It 


0.05 


.0015 


0.3 


0.1757 


0.37 


11 5 


It 


50 


It 


0.05 


.0015 


0.25 


0.1462 


0.31 
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27 
Test # 12. 

The ingredientfl of two # B dry hatteries, volume aViout 
147 cuV/ic Inches, were leached for two days In five gallons 
of water and then put through the digestor as in the previous 
experiment. The mixture from the digestor was again leached 
for some time and then run through the filter press in the 
regular manner. 

Thickness of cake, dry, I-1/2 inches. 

Water pressufre of 85 pounds was used. 

Samples were taken eyery liter. 

Total time of the run was 40 minutes and 6 seconds. 

Samples for analysis are 10 c.c. per liter. 

The material was digested for ahout 5 hours. 

c.c. of Gms.of c.c. of Gms. of Perc't 
Sample Time .75 IT HftS0^yaOH/liter AgNOg FaCl/liter NaCl 



1 


1 


min 


20 


sec . 


2.6 




0.078 




8.7 


5.09 




39.6 


2 


3 


It 


11 


N 


1.7 




0.051 




7.0 


4.09 




31.31 


3 


4 


H 


10 


It 


1.1 




0.033 




3.9 


2.28 




17.71 


4 


5 


N 





It 


0.6 




0.018 




1.5 


0.878 




6.82 


5 


4 


n 


20 


tl 


0.3 




0.009 




0.3 


0.1755 




1.36 


6 


4 


n 


40 


n 


0.1 




0.003 




0.2 


0.1170 




0.91 


7 


4 


If 


30 


It 


0.1 




0.003 




0.2 


0.1170 




0.91 


8 


4 


n 


15 


It 


0.1 




0.003 




0.1 


.0585 




0.45 


9 


4 


n 


20 


n 


0.1 




0.003 




0.1 


0.0585 




0.45 


10 


4 


It 


20 


It 


0.1 




0.003 




0.1 


0.0585 




0.45 




"For 


titratior 


I a volurae 


of silver 


nitrate 


1 was made 


up 


,1 C.C. 


of 


which 


was 


equivalent 


to 


.005853 


grams of HaOl. Thifl 


was 


also used 


in 


test 


# 11. 
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Conclusions. 

Upon considering these results it is evident that very 
good washing can he ohtained hy using the sort of pressure 
filter press described. 

The curves hring out the futility of washing heyond 
the tenth liter in any of the tests made. 
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